We report the experimental evidence coherence and stochastic resonance in a dynamics of fast chaotic spiking of a semiconductor laser with optical feedback using an external nonwhite noise in the pumping current. We characterize both coherence and stochastic resonance in the time and frequency domain. We show that the regularity of the chaotic pulses in the intensity of laser diod increases when adding noise and it is optimal for some intermediate value of the noise intensity. We find that the power spectrum of the signal develops a peak at a finite frequency at intermediate values of the noise. The results show that noise may help in extracting the periodic signal without synchronization in chaotic communication. Then we reported the effect of external noise numerically on a single system by using bifurcation diagram. Finally, we considered Chaos synchronization in a network of 2 8 distinct chaotic systems with independent initial conditions when a normal Gaussian noise is added. The transition between nonsynchronization to synchronization states using a suitable spatio-temporal representation has been reported. The role of coherence has also been considered.
Introduction
The significant issue from a chaotic dynamics, there is not clear inquiries on how the dynamics could be controlled by an external perturbation. Several techniques have been proposed to control the dynamics of different systems, noise is one of these techniques.
Noise has always been realized as a source of perturbation or disorder for dynamical systems, but in nonlinear systems, an adequate amount of noise causes a more ordered behavior. After the investigation by Benzi [1] which showed a resonance of dynamical system when subjected to both periodic forcing and random perturbation, the phenomenon attracted a lot of interest in neural sciences [2] [3] [4] , electronic circuits [5] , and optical systems [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The first experimental observation of coherence resonance in an optical system made of a semiconductor laser with external optical feedback done by Giudici et al. [10] .
The two examples of noise-induced ordering in nonlinear dynamical systems are stochastic resonance (SR) and coherence resonance (CR). Coherence Resonance refers to coherent motion stimulated by noise on the intrinsic dynamics of the regime without the presence of an external periodic forcing [14] . SR was defined as an improvement of the consistency of a system output for certain range of noise amplitudes when the system is driven by a weak periodic signal. This phenomenon has been studied in different kinds of nonlinear systems Lindner et al. [17] , in excitable [6, 11, 15] , bistable [5, 18, 19] , and nonlinear systems [20] . CR has been studied theoretically [6, 21] and experimentally [10, 22] in excitable physical systems, which are characterized by their response to external perturbations, and in a bistable system with delay [23] .
Synchronization phenomena are widely present in physics, chemistry, biology, social science and many other fields and have attracted much attention for years. The increasing interest in chaotic synchronization is motivated by its potential applications [24] . In particular, synchronization of chaotic oscillations in coupled nonlinear systems is an important issue since its prediction by Pecora and Carroll in 1990 [25] . One of the most surprising results of the last few decades in the field of the nonlinear dynamics is that a dynamical system and its copies can be synchronized with each other when they are linked by the common excitation only [26] . Optical chaos can be used to hide information so it can be used in privacy and security of optical communication [27, 28] requires synchronization between emitter and receiver lasers to encode and decode information.
Noise plays a constructive role in enhancing synchronization [15, 29] . Noise-enhanced synchronization may have significant implications in various fields. For example, the circumstance where different systems are not coupled or only weakly coupled but subjected to an ordinary random forcing is of high relevance in life sciences, especially in neuroscience or ecology [29] . Relevant studies on the noise-induced synchronization of limit-cycle oscillators were carried out by Termae and Tanaka and by Goldobin and Pikovsky, who analytically showed, by using the phase reduction method that two identical limit-cycle oscillators driven by typical weak Gaussian white noise always synchronize with each other [30] . The equal standard deviations of the injected noise to the uncoupled chaotic systems, colored noise gives rise to a higher synchronization degrees than white noise [31] . On the other hand, Wang et al. showed white noise plays a better role in enhancing synchronization than colored noise [32] .
The goal of this paper is to demonstrate the effects of noise correlation time on the high chaotic rate optical system, to be specific, a semiconductor laser with ac-coupled optical feedback [33] . On the other hand, we studied the synchronization in an optical network induced by the Gaussian white noise of zero means. For Coherence resonance we add to the dc pump current amplitude controllable ac-coupled noise, In the second section, we illustrate the SR in the system, besides the noise, a weak periodic modulation is added to pumping current. By changing the noise level for fixed modulation frequency or, changing the modulation frequency at a particular noise level. In all cases, the bias current is set constant to be sure that the system has high chaotic intensity.
To obtain a quantitative measurement for CR and SR, we present signal to noise ratio (SNR) indicator of the power spectrum for increasing values of the noise variance r, measured in dBm/ Hz. This magnitude is defined as SNR ¼ 10logð
Ps Pn Þ,where P S is the value of the power spectrum of the experimental signal and P n is the comparing value of the power spectrum for the extrapolated noise background, i.e. in the absence of external perturbation.
The experimental setup
We demonstrate these effect of noise in a single-mode semiconductor laser experimentally. The Experimental setup is shown in Fig. 1 , it consists of a fiber-coupled source laser, is conveniently package a pigtailed Fabry-Perot laser diod and current controller into a single bench unit of type S1FC1550 with a wavelength of 1550 nm from Thorlabs. The light passed through two directional couplers with the splitting ratios of 90:10 and 50:50. To generate ac-optical feedback direction toward the cavity of the semiconductor laser, we connect the two output ports of Y coupler. The laser bias current is always 19 mA. A high-speed InGaAs photodetector (model 1811-125 MHz) from new focus, typical bandwidth is 125 MHz with a current gain of 40 V/mA converts 90% of the detected light. The optical output detected by the photodetector is observed with a LeCroyWaverunner LT342 500 MHz digital storage oscilloscope connected to a personal computer running Windows, enables to exchange data with a variety of Windows applications such as OriginLab software. 
